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~ c r v n t ~ y ,  S~I.II,:S and i : u , c h , o d 3 )  m e a s u r F d  
7 I O 7  to 10' ant1 fw:mI a l s o  t h a t  L,, /b , ,  dccreavcs 
t h e  upstt-cam i n t r r a c t i o n  l e > x t h ,  I, ,? 
I1 
w i t h  i n c r r a s i n g  v a l , i v s  of t ! !c  !xn:n4ary-layer 
th irkness  Rryno lds  m i m l x r ,  ll;, . l l n w c u r ~ r ,  t h i s  
i n c r e a s r d  resistan<.<. t o  s e p a r a : i o n  rlirl not occur 
i n  the c a s c  o f  i n c i p i r n t  s l p a r a t i o n .  lor which thcy 
found wi to hc ins*:nsiti.:c :u Rt*.<nnlds number.  
On t h r  otlie-r h a n d ,  l . a w , l - "  \vc>r$ir!g i n  the  same 
rang' o f  Rcynolds  niim!%,r and .=.t t h e  sanic Mach  
n i i m b ~ r  (M, = 3 )  as S v t t l e s  and I k r ~ c l o n n f f ,  found 
lha t  \vith inc reas ing  Rr>nol r l s  ni imbcr  f c , / h o  
d e c r c a s e s  and u- i n c r e a s e s .  Alsr , ,  his data  f o r  
inc ip ien t  s e p a r a t i o n  fa l l  on a c ~ ~ n e  that is a 
cont inua t ion  o f  the  r r s i : I t s  rrportcd i n  R e l .  1 f o r  
t h e  D C X ~  higher  deradr  of R v y n o l d s  number.  
and Page ( 5 )  had predic ted  t h a t  s r p a r a t i n n  length 
would d e c r e a s e  with inr rvas in :  Rryno lds  n u m h r r .  
T h e i r  ca l cu la t ions  w e r e  hascd  o n  an adapta t ion  of 
K o r s t ' s  method.  Ano the r  calrclat ion,  by Hun!er 
and R e e v e s ,  ( 6 )  us ing  : h e  L e e s - R e r v e s  i n t e g r a l  
me thod ,  p red ic t ed  the  Sam? in f luence  of Reynolds  
number .  




1 .  
E a r l i e r ,  a s e m i - r m p i r i r a l  me thod  by K e s s l c r  
E a r l i e r  s t i l l ,  the  p r o b l e m  of the exten t  of 
s e p a r a t i o n  in  a tu rhu l rn t  supersonic boundary 
l a y e r  had a t t r a c t e d  the a t ten t ion  01 m a n y  i n v r s t i .  
g a t o r s .  and v a r i o u s  c o r r e l a t i o n s  w o r e  a t t empted ,  
but with l i t t l e  S U C C P S S .  A di f f icu l ty  h a s  been t h r  
l a c k  of s y s t e m a t i c  d a t a  col lect ion.  In a s u r v e y  of 
over 100 p a p e r s  and r epor t s  givinx e x p e r i m e n t a l  
r e s u l t s ,  w e  found i t  d i f f icu l t  to sort out t r ends .  
T h e  g r e a t  hulk of t h e  da ta  w a s  in  a r a n g e  of 
Reyno lds  n u m h c r ,  R c ,  f r o m  about 10' to IO ' ,  or  
w e n  na r rou ' e7  - t h i s  d ic ta ted  by !he c h a r a c t e r -  
i s t i c s  of the typ ica l  smal l  o r  m c d i o m - s i z e d  
s u p e r s o n i c  wind tunnels i r  a.hich r e s e a r c h  of t h i s  
kind w a s  o r d i n a r i l y  condurted. In  th i s  range, t h e  
f lows were  t r ans i t i ona l  m o r e  oiten than not, or 
had h a r d l y  recovered f r o m  the e i f e r t s  o i  t r a n s i -  
t ion  o r  t r ipp ing ,  so tha t  the  e s t ab l i shmen t  O f  
a c c u r a t e  t r e n d s  i n  pu re ly  l ami - .ar  o r  pi i re ly  
tu rbu len t  s e p a r a t i o n  proved difficult .  Th i s  
difficulcy was compounded by thc facts that any  one 
i nves t iga t ion  u'as usually condor tcd  O Y C ~  a ra the r  
l imi t ed  range- ( i f  any) o i  Xfarh mi tnh r r  and Reynolds  
n u m b e r ,  a n d  d i f fe ren t  i n v r s t i g a t u r s  nsrd d i f f rrrnt  
ramp ang les ,  usually w i t h  l i t t l e  var i a l ion .  It w a s  
t h e r e f o r e  d i f f icu l t ,  even with in t e rpo la t ion  and 
ex t r apo la t ion ,  to put l oge the r  a broad  p ic ture .  
v 
In  des igning  t h e  e x p e r i m e n t s  descr ibed hrrc. 
the  a i m  .was to  take advantapr of t h e  high Rrynnl r l s -  
n u m b e r  capabi l i ty  v l t e r c d  by a large \vind lunnrl 
so that s e p a r a t i o n  lengt!;s could hc v a r i e d  systrtn- 
a t i r a l l y  oyer  R S  wide ,a rarse a s  p o s s i b l e  of t h r  
r e l e v a n t  pa rame t< . r s .  n a r n < ~ l y  t h e  r a m p  angle (* I ,  
M a c h  numbpr  ( A I e ) ,  am! !ieyn<,lris ncimhrr ( R ,  o r  
R6). 
thc  e x p r r i n i r n t a l  a r r a  n l r n t  o i  f ici .  1, \ r .h r r r  
w a l l  b o u n d a r y - l n y r r  11 
6 in . ,  b u t  nlodel b lo rkagr  an6 s l?ock- \ ,a \c - inducrd  
i n t e r f e r e n c e  e f f e c t s  would  !>a\ L- a p p r ~ v i a b l y  
diminished the r a q r  o f  0 a n d  lo;& for w h i c h  \slid 
d a t a  could h e  oh ta in rd .  F u r t h e r  s tudy  indica t rd  
tha t  t h e  d e s i r e d  goa l s  cou ld  hcst  lip achieved  by 
us ing  a 1- I t -d i an ic t e r  hollou- c y l i n d e r  tn which 
I t  u,oulrl h n v r  bepn < e s i r a l ~ i c  Lo r o n t i n u r  with 
n t ~ s e s  rangrd i ron]  3 1 0  
. .  f l a r e s  o! variriti.: ang1c.s (.oiiId he a t t a rhcd .  
Experimcn:.il' L , o n d i t i v n s  uoiild ( o v e r  a range 
Rryno ld?  n i l m ~ ~ r .  R& . 106 
decaric I ~ w e r  ilian tha l  o f  l i d .  1. \?ill, a s h a r p  
leading  edge, s i ipcrson ic  fli,w t h r o u g h  the  in1t.t. 
a n d  b o u n d a r y - I a y t r  t h i < . k n r s s c s  s m a l l  c o m w r e d  
t o  t h r  cyl inr lcr  ratlilts ( b l r  < 0 . 0 7 ) .  t h i  Ix,tindary 
l a y e r  and ad jacent  flciw fivld would h e  s i m i l a r  t c ~  
t i a n  r eg ions  ahc.atl of  the: l a r g e r  f l a r r s ,  an r i i e c t  
UI t h e  a x i s y m m e t r i r  p a r a m e t e r  s c / r  rou ld  bo 
107 - i. e., m c  
??,OS" for  a flat p l a t v .  I i o \ G L c \ c r .  lor l a r g e  sep"'a- 
expcrted.  
Advantages o f  u s i n g  a l a r g c ,  hol low,  
a x i s y m m c t r i r  modt.1 w c r c  many.  
t h e s e  w e r c  that  end cffccts w e r e  e l imina ted :  
n a t u r a l  t r ans i t i on  o r r u r r r d  w r l l  ahead  of t he  f la re :  
s u p e r s o n i c  f low t h r u u g h  t l ic i n l c l  cl ini inated hoth 
nose ef fects  and i n t r r i c r c n c e  c a u s r d  by how-a-a\ e 
reflections fron, thc  tunne l  sidr\r-alls;  and 10u . - ros t  
conf igura t ion  r h a n g c s  '--oul<l c a s i l y  be ef fected for 
( l a t e r )  s tud ios  on  the  vffrrts o f  nose shape .  
t r ans i t i on  ( including a r t i f i c i a l  t r i p s ) ,  and yaw 
angle .  
Chief among 













































_ . . ?  
Fia 1 Model with 40°/mo half.flarcr at 5 = 28 in. 
( r e l a t e d  to that i n  Ref. 8 )  on a n  a x i s y m m e t r i c ,  In s t rumen ta t ion  
downs t r eam- fac ing  s t ep ,  w h e r e  it w a s  found that  
s p l i t t e r  p l a t e s  had p rac t i ca l ly  no effect  on  the 
ex ten t  of the s e p a r a t e d  reg ion ,  even  when ihe a b s o l u t e - p r e s s u r e  t r a n s d u c e r s  having r a t e d  
c i r c u m f e r e n t i a l  d i s t a n c e  bctwcen the p l a t e s  was c a p a c i t i e s  of 5 p s i a  or 10 p s i a  w e r e  u s e d  in 
a s  s m a l l  a s  45. ( c o m p a r e d  to 180" in  the  p r e s e n t  conjunct ion  with p r e s s u r e  swi t ches  to sense m o d e l  
case) .  surface p r e s s u r e s .  B a r i n g  one cyc le  oi the  
S ix teen  m i n i a t u r e ,  s t r a i n - g a u g e - t y p e ,  
W p r e s s u r e  swi t ches ,  each  t r a n s d u c e r  s ensed  11 
In t h e  prese,nt experiments, we provided for m o d e l  p r e s s u r e s ,  t h r e e  p r e c i s e l y  known m o n i t o r  p r e s s u r e s ,  and two reference p r e s s u r e s  
(P,,f c 50 pm HE). E a c h  swi tch  was cycled  t h r e e  
t i m e s  du r ing  each  r u n ,  and da ta  w e r e  r e c o r d e d  
du r ing  'each cyc le  i n  o r d e r  to eva lua te  c a p i l l a r y  
lag effects, if any. Sch l i e ren  photographs  were  
taken  dur ing  each run  to a s s i s t  i n  eva lua t ion  of 
te5t results. 
d a t a  c o m p a r i s o n s  with a f u l l  f lare a t  one angle  
(a = 25'). F la res  w e r e  made of a luminum and 
p a i r e d  acco rd ing  to the fallowing va lues  for  n: 
9-13 ,  19-20, 22-25, 25 -25  (with and without 
s p l i t t e r  p l a t e s ) ,  27-35 ,  and 30-40'. S l an t  length  
r anged  f r o m  4.6 in. (a = 13') to 5. 9 in.  (a = 40"). 
Flare p a i r s  could be posit ioned a t  two loca t ions  
on t he  cy l inde r ,  xc = 14 or 28 in .  m e a s u r e d  
d o w n s t r e a m  from the leading edge  of the cy l inder  
values of the  a x i s y m m e t r i c  p a r a m e t e r ,  x I T .  
bea r ing -b lock  a r r a n g e m e n t  p reven ted  f l a r e  m o v e -  
rnent with r e s p e c t  to the cy l inder .  
cy l inde r  contac t  s a r f a c c s  w e r e  sea l ed  Et t he  
base  of each f l a r e  and along the sp l i t t e r  p l a t e s  
Sp l i t t c r -p l a t c  leading cdgcs had a 5 "  ha l f -  
ang le  and w e r c  posit ioned I 2  in.  ahead  ol the 
c o m p r e s s i o n  corner f o r  the a = 3 0 - 4 0 "  p a i r  
and 4 in. allcad of the corner  fo r  a i l  o t h e r o .  
A t r a v e r s i n g  p robe  w a s  used  to ob ta in  
p r o b e  t ip  w a s  fo rmed  by f la t tening and honing a 
p iece  of 0.04-in.  ou t s ide  d i a m e t e r  by 0. OO5-in. 
0. 002-in.  s l i t  height,  and a 0.05-in.  s l i t  width.  
T h e  d r i v e  uni t  cons i s t ed  of a gea r  t r a i n  d r i v e n  by 
an e l e c t r i c  m o t o r .  It was housed  on  the  ou te r  s u r -  
p robe .  T h e  p r o h e  w a s  linked t o  the d r i v e  uni t  by 
a thin,  d iamond-shaped  b lade  that  pas sed  througl, 
t h e  cy l inde r  w a l l s  and duct .  Fully r e t r a c t e d ,  t he  
p r o b e  t ip  lay below the cy l inde r  s u r f a c e  in  a spe -  
'cially cons t ruc t ed  open r e c e s s .  P i to t  p r e s s u r e  
was s e n s e d  with a 30-ps id  t r a n s d u c e r  loca ted  in 
the  d r i v e - u n i t  housing. 
to the leading edge  of each  Corresponding b o u n d a v - l a y e r  p i t o t - p r e s s u r e  p ro f i l e s .  T h e  
' a r e  2.33 and 4.66, r e spec t ive ly .  A dowef -p in l  wall steel tube to provide a o. 005-in. tip height, 
F l a r r - t o -  
to p r e v e n t  a i r  l r a k a g e  f r o l n  f a c e  of the cy ( inde r  d i a m e t r i c a l l y  oppos i te  the 
T h e  aft sec t ion  of t he  cy l inde r  surface w a s  P r o b e  m o v e m e n t  w a s  
i n s t r u m e n t c d  with 146 o r i f i c e s  (0 .03- in .  d i a m e t e r )  s e n s e d  with an i n f in i t e - r e so lu t ion  f i l m  potentiorn- 
f o r  s ens ing  surface p i e s s i r r e  and a t he rmocoup le  e t e r .  A l l  f a c t o r s  being c o n s i d e r e d ,  i t  i s  e s t i m a t e d  
fo r  s ens ing  s u r f a c e  t e m p e r a t u r e .  
a r r a n p + d  i n  s t agge red  arrays about the l eeward  
(4 = 0") and windward (4 = 180") rays an t he  cy l inde r  
s u r f a c e  between 1 2  5 x I 28 i n . ,  and were  more 
dense ly  d i s t r ibu ted  near x = 14 in. and 28 in. 
In s t rumen ted  f l a r e s  (a 5 25") had 16 o r i f i c e s  spaced  
over a 3-in.  length m e a s u r e d  a long  the s u r f a c e  t ape  with a ~ o n p u t e r - i o n t r o l l c d ,  32-channel ,  
d o w n s t r e a m  f r o m  the f l a r e  leading edge. 
O r i f i c e s  w e r e  that  unce r t a in ty  in p r o b e  posi t ion,  y. was l e s s  
than  i 0.002 in. 
Analog outputs  f r o m  a l l  p r e s s u r e  t r a n s -  
d u c e r s ,  t he rmocoup lcs ,  and the p r o b e  pos i t ion  
ind ica to r  were  digi t ized and r e c o r d e d  on magne t i c  














































Reynolds number .  an'! f l a r e  ang le  were cons tan t .  
For each  run ,  d a t a  w e r e  r e c o r d e d ,  r educed  to  
eng ince r ing  uni t s ,  and plotted "on l ine.  I' On-line 
examina t ion  of the da t a  was use fu l  f u r  s e l ec t ing  
condi t ions  f u r  l a t e r  runs .  
Data  r epea tab i l i t y  and model a l ignmen t  w e r e  
eva lua ted  fo r  M T 2, 2. 5, and 3 us ing  t h e  
e =  25-25' f l a r e  p a i r  pos i t ioned  a t  xc 2 28 in. 
For e a c h  value of M, c o m p a r i s o n s  w e r e  m a d e  
f i r s t  between results obtained dur inx  a run for 
ind iv idua l  f l a r e  ha lves ,  and second between d a t a  
tha t  d a t a  reDeatabili tv w a s  excellent and f u r t h e r  
- f rom r e p e a t  runs. T h e s e  c o m p a r i s o n s  show 
c o n f i r m  tha i  the m o d i 1  was a l igned  p a r a l l e l  to  
t h e  tunnel flow. 
S p l i t t e r - p l a t e  e f f ec t s  w e r e  eva lua ted  a t  
M = 2 .  5 ( to/b0 = 4 )  by cornpar ing  r e s u l t s  ob ta ined  
at  xc = 28 in. fo r  the  (I = 25-25" p a i r  with and 
without p l a t e s .  A s i m i l a r  eva lua t ion  w a s  m a d e  
a t  M = 3 by c o m p a r i n g  da ta  for  the (I = 25-25' 
p a i r  (without p l a t e s )  ujith da t a  f o r  the (I = 22-25' 
p a i r  (with p l a t e s ) .  For e a c h  case, s p l i t t e r - p l a t e  
e f f e c t s  could not  be de t ec t ed .  It would have  been 
of i n t e r e s t  to s tudy  p la te  e f f e c t s  for l a r g e r  f l a r e  
a n g l e s ,  s a y  a = 40'. w h e r e  va lues  f o r  the  
in t e rac t ion - l eng th  to ~ i r r i i n i f e r e n t i a l - s p a n  r a t io ,  
lolnr, r a n g e d  between 0. 3 and 0. 5 ,  but t h i s  w a s  
not  done. 
P i t o t - p r e s s u r e  p r o f i l e s  fo r  the  undis turbed  
( f l a r e s - o f f )  boundary l a y e r  o n  the cy l inder  w e r e  
obta ined  a t  x = 14 and 2 8  in. f o r  the ranges of 
M a c h  n u m b e r  and Reynolds  number  c o v e r e d  in 
th i s  s tudy ,  &. , 2 5 hf 5 4 .  2nd i x 106 5 R'.' 
60 x IO6. 
of the boundary - l aye r  t h i ckness  w e r e  6 = 0.195 
and 0.355 i n . ,  co r re spond ing  10 v a l u e s  of t h e  
boundary-layer-thirkncss to c y l i n d e r - r a d i u s  
r a t i o ,  6 / r  I 0.03 and 0.06. 
. 
A t  t h e s e  loca t ions ,  r e p r e s e n t a t i v e  ~ a l u c s  
Boundary - l aye r  t r i p  devices  w e r e  not 
employed .  
and  S c h u r l e r ,  ('1 the pos i t ion  of na tu ra l  t r ans i t i on  
on the  cy l inder  w a s  es t i rna ted  to  !,e f rom 2 t o  A in. 
from the  leading etlge, depending on M and R,. 
According to data p r e s e n t e d  by P a t e  - 
2 = 1 t 0. 178Me T IT r e  
one a r r i v e s  a t  a q u a d r a t i c  equat ion  so lvab le  for 
(T /Te) I l2  i n  t e r m s  of T , ,  Tt ,  Me, and  MIIle. 
T h e  outer por t iun  of thc  ve loc i ty  p ro f i l e  was 
z s s u m r d  to be r e p r c s r l i t r d  b y  a I l n - t y p e  power 
law, and  n w a s  taken  to  b c  equal to the  s lope  of 
t h e  b e s t  s t r a igh t - l i ne  f i t  to  l oga r i thmic  v a l u e s  of 
y and U/U, for y > 0.03 in. Values f o r  n r anged  
f r o m  5. 5 to 6. 5 a t  xc = 14 in. and  6. 0 to 7. 5 a t  
xc = 2 8  in.  
Because  the  ve loc i ty  r a t io ,  U I U , ,  a s y m p t o t -  
i ca l ly  a p p r o a c h e s  a value  of 1 .0  fo r  values o f  
y 6, t h e  de t e rmina t ion  of p r e c i s e  va lues  for 6 is 
d i f f icu l t  and somewha t  a r b i t r a r y .  
t h e  value of y a t  U I U ,  i 0. 995.  T h e  c u r v e s  of 
Fig.  2 r e p r e s e n t  the  smoo thed  values of b C  ob-  
ta ined  f o r  the  undis turbed  boundary l a y e r  a t  
xc = 14 and 2 8  in. for the  r a n g e  of Mach  n u m b e r  
and (uni t )  Reynolds  n u m b e r  shown. Data s c a t t e r  
ahou t  e a c h  curve is l e s s  than  341. T h e s e  r e su l t s  
ind ica te  tha t  dependence on  h lach  n u m b e r  i s  r :na : l  
and d e c r e a s v s  with i n c r e a s i n g  Reynolds  number .  
It m i g h t  have  been be t t e r  to d i sp l ay  t h e  r e s ~ : l t s  
i n  t e r m s  of a Reynolds number  based  on thp * i s -  
l ance  from the  t r ans i t i on  point i n s t ead  of the  
leading edge, but t h i s  w a s  nut done because  no 
a t t e m p t  w a s  m a d ?  to d e t e r m i n e  the  loca t ion  oi 
t r ans i t i o l l  e r p c r i m e n t a l l y .  
the  I l a c h - n u m b e r  dependence  to  be even l e s s  tkan 
i n  Fig. 2 b e c a u s e  t he  t r a n s i t i o n  paint moves 
d o w n s t r e a m  wi th  i n c r e a s i n g  h l a c h  number. (91 
We chose  f o r  & 
T h i s  \vould have  s k . . i ~ n  
T h e  mon ien tum def ic i t  t h i c k n e s s  w a s  d e t e r -  













































shci lr  l i<yc r .  thc f l o w  r ea t t i *<  hn;cnt r e g i o n ,  and thc  
interaction h t w c c n  the separation and  r e a t t a c h -  
tn;ont s h o c k s .  ' lhc weak waves ciriiin;iting f r o m  
tlre cylinde:'r s u r f a i ( c  i ipstrrarn of the i n t e r a c t i o n  
r u n  a l o n g  iMach l i ncs  h?ving t h e i r  o r i x i n s  ;rt t h e  
c y l i n d e r  l e a d i n g  c d g c  b n d  thc per l ing  l ine bet.wecn 
the two s e c t i o n s  01' the cy l inder .  The  weak d i s -  
t u r h a n r e s  obsci-vc~l  a s  waves  e m a n a t i n g  from t h e  
tunnel  walls a r e  due t o  thc l e a d i n g  edge  of a newly 
appl ied  coat of paint  on t he  t e s t - s e c t i o n  wal l s .  
Values  obtained for Bc a r e  plot ted in  Fig.  3. 
To scale t he  th ickness  p a r a m e t e r s  t o  va lues  of x 




-118 b / x  = 0. 1215 R, 
-MI5  -118  
0 l X  = 0 . 0 1 2 5  e RX 
T h e  s c a l i n g  p r o c e d u r e  c o n s i s t s  of e n t e r i n g  
F i g s .  2 and 3 with given va lues  of R, and Me to  
obta in  6, and 0,. Values  for 6, and  Bo a t  t h e  
beginning of the  in te rac t ion ,  i. e . ,  a t  xo = xc - lo, 
w e r e  ca lcu la ted  from E q s .  ( 2 )  and ( 3 ) :  
W All va lues  for  t h e  loca l  sk in- f r ic t ion  c o e f f i -  
c ient ,  Cf, used  in  this  pa er w e r e  obtained f r o m  
t h e  equat ions  of HopkinsP10) b a s e d  on the method 
(11) of V a n  D r i e s t ,  in to  which w e r e  put m e a s u r e d  
or e s t i m a t e d  values  for  Me, Tt,  and R e  plus t h e  
a d i a b a t i c  wal l  condition, T,,./T, = 1. S u t h e r l a n d ' s  
f o r m u l a  fo r  v i s c o s i t y  w a s  also used .  We  note  tha t  
v a l u e s  of Cf  computed  from Eq. ( 3 )  and Cf = 2d0/dx  
a re  within IO?" of the  v a l u e s  computed  from the  
equat ions  of Ref .  10. 
I) 
I 
I * 5 . I . , I O  n .I - 1 0 - n  
I I * * O L O , X U . C l * ~ .  
Fig 3 Monntum thickness a t  xc = 14 and 28 in. 
T h e  wavc  a n g l e ,  P s ,  for the s e p a r a t i o n  s h o c k s  
o b s c r v c d  for both the a = 30' and 40' f lares  is 
P s  *30', a r e s u l t  cons is ten t  with the  f ree-  
i n t e r a c t i o n  conccpt .  
l a y e r  m a k e s  a 17' angle  with the  cy l inder .  T h e  
m e a s u r e d  p la teau  p r e s s u r e  \vas Pp/Pe = 2. 57, 
which c o r r e s p o n d s  to  a two-div.ensiona1 inv isc id  
turn of the  f low th rough +s = 13. 6'. T h e  3.4' d i f -  
f e r e n c e  be tween +s and the  o u t e r  edge  of t he  l a y e r  
is i n  a g r e e m e n t  with the  v a l u e s  of 3. 0 and  3. 5" 
found f o r  t he  f r e e  s h e a r  la  er a h e a d  of f o r w a r d -  
facing s t e p s  by Rehrens( l1Y and Z u k o s k i , ( l Z )  
r e s p e c t i v e l y .  
T h e  o u t e r  edge  of t h e  s h e a r  
. .  . 
L '... . .  
ii * T h e s e ,  and the equat ion b * / x  = 0.0163 eMf4 R x - l J 8 ,  are c m p i r i c a l  f i t s  that  n e  have  m a d e  to a large 
body of expcri t r icntal  r e s u l t s  obtained by us, but  as  yet  unpubl ished,  for  an adiaba t ic ,  f l a t -p l a t e  
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d i i n c n s i o n a l .  inviscid,  initial tItrn o f  thc flow . .  
. ~ , , . . .  thr<>Ugh +s 7 13. 6". .. . W 
The d i s t a n c e  f r o m  thc corner to thti point 
w h e r e  the  s t , pa ra t ion  shock i n i r r s e c t s  t he  s u r f a c e  
is a n i c i l s i i r ~  o f  the so-;mr::tion l cngt l i .  I,. Values  
for 1, d r t r r m i n a r l  fr<,rn Sc i i l i r r r n  ph, , tographs 
a r c  in  a g r e ~ m e n t  w i t h ,  tilit sl igt?tlg less  than,  
v a l u e s  of Io < ! r t s r m i n r d  f r o m  s u r f ; . c r - p r e a s u r e  
d a t a  (dcfinit i , in o f  lD i s  discussed below).  T I  
o b s c r v a t l o n  a g r e e s  wilt: the f i?dinps o f  l,awi'fand 
Spaid and F r i s h r t t .  ( 1 3 )  M r a s u r e m e n t s  f rom 
Fig .  4 ind ica te  v a l u e s  of l s / x c  = 0. 089 and 0. 367 
for o = 30" and 40°,  r e s p r c t i v c l y :  c o r r e s p o n d i n g  
s u r f a c e - p r e s s u r e  da ta  ind ica te  a value of to/+ = 
0.094 for CI = 30'. (Since p r e s s u r e  o r i f i c e s  w e r e  
not loca ted  u p s t r e a m  of x = 12 i n . ,  t he  beginning 
of the  p r e s s u r e  r i s e  could not be de tec ted  for 
o L 40' a t  xc L 14 i n .  ) H c r c a f t e r  we p r e s e n t  only 
m e a s u r e m e n t s  of 1, ( f rom p r e s s u r e  d is t r ibu t ions l ,  
which  could b e  m o r e  a c c u r a t e l y  d e t e r m i n e d  than  
m e a s u r e m e n t s  of 1% ( f r o m  S c h l i e r e n  photographs) .  
P r e s s u r e  Dis t r ibu t ions  
An e x a m p l e  of a m e a s u r e d  D r e s s u r e  d i s -  
t r ibu t ion  is shown in F ig .  5. For this  c a s e .  
a = 25'. p r e s s u r e  m e a s u r e m e n t s  w e r e  obtained on 
the  f la re  s u r f a c e  as well a s  t he  cy l inder  s u r f a c e  
u p s t r e a m  of i t .  F l a r e s  of l a r g e r  angle  w e r e  not 
provided  wi th  p r e s s u r e  t aps .  T h e  method of d e -  
f ining the  u p s t r e a m  in te rac t ion  length,  1,. i l l u s -  
t r a t e d  i n  Fi5. 5, is the one used  by Se t t l e s  and 
Bogdonoff. [ ) 
Fig 5 Definition of interaction length 
F i g u r e  6 p r e s e n t s  a s e t  of p r e s s u r e  d i s t r i -  
bu t ions  obtained a t  M, = 3 . 9 6  for a nominal  
Reynolds  n u m b e r ,  R, = 30 x 106. 
noted that  t he  l i s t e d  values of Cfo  a r e  computed 
for the  point a t  t he  beginning of i n t e r a c t i o n  and 
tha t  d i s t a n c e s  f r o m  t h e  c o r n e r ,  $ ,  a r e  n o r m a l i z e d  
wi th  the  boundary- layer  th ickness .  h0,  a t  t he  
beginning of in te rac t ion .  For D = 40', t he  i n t e r -  
ac t ion  begins  a t  </60 = 2 5 . 4 ,  so only the por t ion  
of the  p r e s s u r e  d is t r ibu t ion  c l o s e r  t o  the  c o r n e r  
is vis ible  i n  Fig.  6. T h c  nearly cons tan t  p r e s s u r e  
in  th i s  por t ion  i s  taken to  b e  the pla teau  p r e s s u r e ,  
Pr, L 3. 12 P,, for this  M a c h  number ,  Me = 3. 9 6 .  
It should be 
i/ 
Fig 6 Surface-pressure distributions, Me = 3.96. x c p  28 in 
T h e  v a l u e s  of plateau p r e s s u r e s  obtained a t  
t he  Mach  n u m b e r s  of t h i s  e x p e r i m e n t  a r e  close 
t o  t h o s e  for u p s t r e a m - f a c i n g  s t e p s ,  a s  shown by 
the  c o m  a r i s u n  in  Fig.  7 with t h e  c o r r e l a t i o c s  of 
Z u k o s k i r I 2 )  and o f  Werlc: (14)  they were found to  
be i n s e n s i t i v e  to Reynolds  n u m b e r s .  a s  Z u k o s k i  
had found e a r l i e r .  Another  i n t e r e s t i n g  r e s u l t  is 
that ,  f o r  a given  Mach n u m b e r ,  t he  p la teau  p r e s -  
sures a t  xc = 14 in. and 2 8  in.  a r e  ind is t inguish-  
a b l e  o n  th i s  plot ,  
a x i s y m m e t r i c  p a r a m e t e r  x c / r  i m p l i e s  that  t he  
p la teau  p r e s s u r e  i s  d e t e r m i n e d  l a r g e l y  by condi -  
:ions a t  s e p a r a t i o n .  
T h a t  t h e r e  is no e f f ec t  of the  
I .  
In te rac t ion  Length  
T h e  u p s t r e a m  in te rac t ion  length,  LO, defined 
a s  in  Fig.  5. w a s  d e t e r m i n e d  for e a c h  p r e s s u r e  
dis t r ibut ion.  
range of a l l  the p a r a m e t e r s  1s p r e s e a t e d  in F igs .  3 
a n d  9 ,  in which the in te rac t ion  lengths  have  been  
' n o r m a l i z e d  by xc, thc  d o w n s t r e a m  d i s t a n c e  t o  the  
flare, and plot ted aga ins t  R,. t he  Reynolds  n u m b e r  
b a s e d  on xc. 
b a s i c  da ta  plots a r e  in te res t ing ,  a m o r e  s igni f icant  
plot  u,ould b e  b a s e d  on boundary- laycr  t h i c k n e s s  
ins tead  of xC. I t  was found, for e x a m p l e ,  that  
& / A  ( A  = 6 ,  6:, o r  8 )  d c c r e a s e s  with i n c r e a s i n g  
RA, whcther  A be evaluated a t  xo o r  x c I  for the  
whole r a n g e  of f low p a r a m e t e r s .  
t o  the t r e n d s  found by S e t t l e s  and Bogdonoff(3) and 
by Law141 at M 0 3 for A = 6 .  
not s h o w  t h e s e  plots  h e r e  b e c a u s e ,  i n  s e a r c h i n g  
The  comple te  s e t  of v a l u e s  o v e r  t he  
While the t r e n d s  shown in t h e s e  
T h i s  is s i m i l a r  













































fo r .poss ib l e  c o r r e l a t i o n s ,  we came upon a b e t t e r  
w a y  to  p r e s e n t  the  da ta ,  one i n  wh ich  the  depend-  
e n c e  on ,Mach n u m b e r  d i s a p p e a r s .  
For r e a s o n s  which we do  not ye t  unders tand .  
when f o l b o  i s  plotted aga ins t  Cfo. the d a t a  for 
d i f f e r e n t  v a l u e s  of Mach n u m b e r  (exc luding  t h e  
Me = 1. 98 da ta )  fa l l  onto a s ing le  c u r v e  fo r  e a c h  
va lue  of cr ,  as m a y  be seen in  F ig .  10. All  va lues  
Gf Cfo w e r e  d e t e r m i n e d  a s  cxpla incd  above. T h e  
da ta  from the  prcscn: e x p e r i m e n t s  a r e  in tho  r a n g e  
IO5 < R h  < 1 0 6 ,  but included on the  p lo ts  are da ta  
in  the  next  h igher  d e c a d e ,  from o u r  p rev ious  
s t u d y . ( l .  1 5 )  T h e s c  also fall  onto the cor re l a t ion .  
.J 
It  i s  r e m a r k a b l e  tha t  t h e  da t a  for v a l u e s  of P 5 30' 
( and  e x c l u d ~ n g  t h o s e  fo r  lfe = 1. 98)  f a l l  On a 
s t r a i g h t  l ine,  whose slope we d e n o t e  by r. For 
a = 35'. w e  have t aken  s o m e  l i b e r t y  i n  fi t t ing a 
s t r a i g h t  l ine  to  p a r t  a i  the  c o r r e l a t i o n  [see r e m a r k s  
following Eq. ( 6 ) .  beiow]. A d i s c u s s i o n  of p o s s i b l e  
f a c t o r s  cont r ibu t ing  to thc  behav io r  exhib i ted  by 
t h e  d a t a  obta ined  for Me = 1.98 and  for oi 2 35' is 
g iven  belaw. 
inc luded  i n  F i g .  3 and Fig.  10 because on ly  a few 
t h c  d i f f i cu l ty  (due  to  o r i i i c e  spac ing )  i n  obta in ing  
p r e c i s e  valnes of f o  f r o m  s u r f a c e - p r e s s u r e  mea-  
s u r e m e n t s  f o r  small  a. Ho\verer, four d a t a  po in t s  
Data for n = 9' and !3" a r e  not 
- d a t a  pa in t s  wepe obta ined ,  and  also b e c a u s e  of 
7 
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(4) C:' : 10- ( I  - 0.001189a ) t'o 
p r o v i d e s  a go<xl c m p j r i c a l  f i t .  
t h i s  c u r v e  i s  t h a t  fl,r r a c h  Q, the  i n t e r a c t i u n  Itngth 
brcorn?s_zvru  at sitffi<.iently high Reynolds  n u m b e r  
(Cfo 5 CF<,l. H o w e v e r ,  for  a > 29'. t h e r r  i s  a l w a y s  
a n  u p s t r e a m  influvnvc, nu m a t l e r  how high t h e  
Reynolds  n u m b e r .  
T h e  impl i ca t ion  of 
P 






Fig 11 Conditions for zem urntieam inftumw 
It is not  c l ea r  what  phys i ca l  s ign i f icance ,  if 
any, to a t t ach  to the  ex t r apo la t ion  of the  curve for 
a < 13'. p a r t i c u l a r l y  the  i n t e r c e p t  a t  a = 0. 
T h e  s t r a i g h t - l i n e  used  t o  f i t  po r t ions  of t h e  
d a t a  i n  F ig .  10 m a y  be r e p r e s e n t e d  by the  equa t ion  
coho = u ICfo - c ; ~ )  15) 
i n  which, i n  addi t ion  to the  pa rame!e r  CFo (a), 
t h e r e  appears t h e  u p s t r e a m  influence coe f f i c i en t .  
o ti. e. ,  the  s lope  of the  l ine).  The  values of  r(a) 
are plotted in F i g .  12, along u,ith t h e  e m p i r i c a l  
equat ion  
( 6 )  3 2.81 u = 10 ( a l 1 8 . 2 9 )  
which h a s  been f i t t ed  to it. This curve d e f i n e s  
for a = 35' a v a l u e  of v whirh u'as used a p o s t e r i o r i  
to f i t  the d a t a  i n  Fig. I O .  - 
Whatever,,,the physical  s ign i f i cance  of I h e  
p a r a m e t e r s  CTo and 0 dr i ined  in th i s  n a y ,  Eq. ( 5 1  
can be used  to def ine  the i n t r r v c l i u n  length a s  a 
func t ion  of Q and Cfo. 
Fig. 13 for f lare angles up to 30" and for values 
of Cfo c 0. 003. Higher  v a l u c s  of Cfo would be 
i n  the  t r a n s i t i o n  range of Reynolds number  lor 
t h e  app l i cab le  range of Mach n u m b e r s  
2. 5 ~ 1 4 ~  5 5 .  In f ac t ,  the  c o r r e l a t i o n  should  be 
used  wi th  caut ion  f o r  Cfo 0. 002, which w a s  t h e  
l a r g e s t  value in  the present e x p e r i m e n t s .  Over  
the range of data from which Fig.  13 was der ived ,  
t h e r e  is so hffcct of !he i s i s y m m e t r i c  p a r a m e t e r  













































Fig 12 E f f m  of tiarc m g l c  an growth rate 
" 
I , .  
Fig 13 Uprtrsarn influence due to a flare (2.5 S M, S 5.01 
W 
x c l r  Cc, Fig.  10 f o r  xc  = 11 and 28 in., r e s p e c -  
t ively) .  It i s  concluded, t h e r e f o r e ,  that  the COTE- 
l a t i on  in Fig.  13 is appl icable  to two-dimens iona l  
flow o v e r  a r a m p .  
In Fig.  14, t he  c o r r e l a t i o n  i s  c o m p a r e d  with 
the  r e s u l t s  of thc e x p e r i m e n t s  of L a w l l ,  16) on a 
two-dimens iona l  ( f l a t - p l a t e l r a m p )  conf igura t ion  
and  those  of Se t t l e s  a n d  Bogdonoff(3) on an a x i s y m -  
m e t r i c  l o g i v e - c y l i n d e r l f l a r e )  model for which the  
a x i s y m m e t r i c  p a r a m e t e r  x c / r  had the value 14. 
Both inves t iga t ions  w e r e  a t  Me= 3 in a r ange  of 
Reynolds n u m b e r  I O 5  ( R ,  5 I O 6 ,  comparab le  to  
tha t  of the p r e s e n t  study. Values  of Cyo tabula ted  
in the boxes were ca lcu la ted  a s  desc r ibed -above ,  
using da ta  provided  by the au tho r s (3 ,  161 and with 
the a s sumpt ion  T,./T, = 1 .  
The exce l l en t  a g r e e m e n t  with p a r t  of Law's  
da t a  and d i s a g r e e m e n t  ( u p  to  20%) with o the r  p a r t s  
i s  diff icul t  tb r econc i l e .  
d i f f e r e n c e s ,  t h e r e  a r e  cu r ious ly  ab rup t  changes  in 
t r e n d  ( a s  compared  to the  smoo th  c o r r e l a t i o n  
c u r v e s )  a t  ahout Q = 22".  
Bogdonoff a g r e e  b e s t  with o n r  r o r r e l a t i o n  at  about  
Q =  20'. F o r  h ighe r  v a l u e s  of c, t h c i r  s m a l l e r  
va lues  of t o l h 0  may be due to a x i s y m m e t r i c  e f f ec t ,  
bu t  the oppos i te  d i r ec t ion  fo r  the d i f f e rence  a t  low 
a cannot  be r a t iona l i zed .  To sum up, the c o m -  
par i son  between our data ( a s  r e p r e s e n t e d  by the 
c o r r e l a t i o n )  and that  of t h e  o the r  two investigations,  
Apar t  f r o m  quant i ta t ive 
The  da ta  of Se t t l e s  and 
u is not e n t i r e l y  s a t i s f a c t o r y .  
rnl . l" ."GLt I Ilr/ , , ' . , . . , .  i ;, , 
<5. , -. ,. 
Fig 14 Compsriionr between prerenl mrrrlation and e x p r i m e n l d l  rewlft 
at othorrIR8 >lo5! 
Incipient  Scpa ra t ion  
As ment ioned  i n  t he  introduct ion,  t h e r e  h a s  
been  s o m e  d i s a g r e e m e n t  about the ef iect  o f  
Reynolds  number  on the value o f  r a m ?  ang le  f o r  
incipient  s cpa ra t ion .  Indeed, t h e r e  has  been  con-  
t r o v c r s y ( l 3 .  1 7 )  about even the ope ra t iona l  de f in i -  
t ion o f  incipient  s e p a r a t i o n  conditio>.. Some of t h e  
points  o f  d i f f e r e n c e  a r e  i l l u s t r a t e d  in the t r ad i t i ona l  
plot  ( F i g .  15) of  incipient  s e p a r a t i o n  angle ,  ai ,  
aga ins t  Reynolds  number ,  R6. for  ad iaba t i c  wal l  
conditions.  The  l a r g e s t  d i f f e rences  occur a t  t he  
l o n e r  end of the Reyno lds -number  r a n g e  (IO4 to 
1 0 5 ) .  T o  what  extent t h e s e  d i f f e r e n c e s  are due to  
the  d i f f e r e n t  me thods  of defining s e p a r a t i o n  or to 
poss ib l e  d i f f e rences  in boundary - l aye r  p r o p e r t i e s  
connec ted  with t r ipping,  e t r . ,  h a s  n e ~ e r  been s a t i s -  
f ac to r i ly  se t t l ed .  In  t he  next h ighe r  d e c a d e  of 
Reyndlds  number ,  t h e r e  i s  e e n e r a l  a g r e e m e n t  
be tween the r e s v l t s  of Law(?) and those  of S e t t l e s  
and Bogdonoff. ( 3 )  but t he  l a t t e r  find no l e p e a d e n c e  
on  Reynolds  num.ber. In the  next h i g t e r  decade ,  
t h e r e  is only o n e  s e t  of d a t a . ( ] )  Apar t  f rom the 
da t a  of Kuehn, t he  t r e n d s  i n  Fig.  I 5  a r e  f o r  i n -  
c r e a s i n g  values of o i  with inc reas i r . 4  Reynolds  
n u m b e r ,  i. e .  , d e c r e a s i n g  sk in - f r i c t ion  coeff ic ient .  
1 I -,"m*mm 1~,*. ' rn.  ,*. I.. un, 
- m E o < r ~ c w c , ~  <Ol<l_'?. '  a' ".. - * 
.A 
L #  , , ,  , , , , L  1 
'Old z 1 s a i d  I d s s r d  z , * d  
=X.a."VLA"t" T"*TI*<I . l"CID(.Ud(,  I/ 
Fig 15 Conditions for incipient seepdialinn Itrditional plot) 
The p r e s e n t  e x p e r i m e n t s  were  not des igned  
to  inc lude  detai led m e a s u r e m e n t s  of incipient  
s epa ra t ion .  Neve r the l e s s ,  we hoped to  obta in  
some f u r t h c r  data  on  t h i s  ques t ion .  C u r  approach  
t o  th i s  p rob lem changed cons ide rab ly  a f t e r  d i s -  
c o v e r y  of t he  ~ i a c h - n u m b e r - i n d e p e n d e n t  correla- 
tion, of F i g .  10. Because  the s e p a r a t i o n  point is 












































a s  a dcfinit ion o f  incipient  scparat i i rn ,  indenendent  
of M a c h  nitn:i~er and I<cyno!ds n :>mher .  In Fig.  IO, 
t hc  in t c r sec t i i i n  o f f ~ , / t j ~ ~  = 0 .  5 5  with the s t r a i g h t -  
l i ne  cor re la t io?  c u r v e s  dei ines  c o r r e s p o n d i n g  
v a l u r s  of a. and C f i  [ thesc nisy also b e  evalua ted  
d i r e c t l y  o s i n g  Eq.  (511. T h e  resu l t  i s  shown i n  
Fig.  16, w h e r e  the curve E O  d e t c r m i n e d  i s  c o m -  
p a r e d  with the  da ta  (except  Kuehn's l  from Fig .  15. 
Additional r c s u l t s  f r o m  Reis .  13 and I ? ,  b a s e d  on 
d i f fc ren t  c r i t e r i a  for incipient  s e p a r a t i o n ,  a r e  
also shown. The def ini t ion of incipient  s e p a r a t i o n  
based o n  the  l iquid- l ine technique would c o r r e s p o n d  
to  L O I S o  = 0 . 0 5  in the  p r e s e n t  approach .  I t  m a y  b e  
r e m a r k e d  that  values of ai a t  l o w e r  Reynolds  n u m -  
bers that  a r e  b a s e d  on t h e  p r e s s u r e - h u m p  t e c h -  
.nique imply  values  of (LolLOli l a r g e r  than unity 
( a s  l a r g e  a s  3 for s o m e  of Kuehn ' s  datal ,  whi le  a t  
h i g h e r  Reynolds  n u m b e r ,  the va lues  of (!o/So)i 
obtained from the p r e s s u r e - h u m p  technique a r e  
in  a g r e e m e n t  with Eq. (71. 
1 
v 
When the curvc dcfincd by Eq. I71 is r e i n t c r -  
p r c t c d  in  t e r n i s  of thc pa rame te r s  of Fig.  1 5 .  i t  
p lo t s  as t he  s e r i e s  of c u r v e s  shown t h e r e .  The  
c o r r e l a t i o n  u,ith m o s t  of t h c  d a t a  s e e m s  t o  be a t  
l e a s t  as good a s  the a g r e e m e n t  a m o n g  thc  d i f -  
f e r e n t  data .  Also shown in Fig.  1 5  is a m e a s u r e  
of the  sh i f t  in  the c o r r e l a t i o n  curves  that  would 
o c c u r  i f  the c r i t e r ion  for  (l',/Soli v a r i e d  from 0. 5 
to 0. 6 .  
in te rac t ion  l a y e r  that  is w n s i d c r a h l y  t h i c k e r  than 
the s u b l a y e r  a n d  penetrates some d i s t a n c e  into 
the  s u p e r s o n i c  port ion.  
m a d e  by Rose ,  _ct 4. ( 1 x 1  and E l f s t r o m .  I I ? )  
In fact ,  E l f s t r o m  i n c o r p o r a t c d  t h i s  idea  into a 
mrt l rod for computing i n c i p i e n t - s e p a r a t i o n  condi -  
t ions.  Increas ing  ITrynuIds n u n ~ l x ~ r ,  i .e . ,  
d e c r e a s i n g  Cf ,  "f i l ls  ou t"  t h e  veloci ty  p r o f i l e  and 
b r i n g s  the  s u p c r s o n i c  por t ion  closer t o  the wal l  
( r e l a t i v e  to €4, reducing  the wall- la>-er t h i c k n e s s  
and thc  r e l a t c d  s c a l e  uf t i le in te rac t ion .  It is th i s  
e f f ec t  that  con t ro l s  both the  rr indi t ions for i n r i p i -  
cn t  s e p a r a t i o n  and the in te rac t ion  length,  1,. 
\Chen the  externa l  Mach n u m b e r  is too Lou. 
(XI,< 21, t he  hlach n u m b e r  a t  the edge of the  
i n t e r a c t i o n  l a y e r  is low e n o u g h  that  t he  i n t e r a c t i o n  
b e c o m e s  a "transonic:" one  with r a t h e r  d i f f e r e n t  
c h a r a c t e r i s t i c s  f r o m  those a t  h i g h e r  Mach  n u m b e r s .  
\Cc  had noted t h i s  in  the e x p e r i m e n t s  of Ref.  1. 
For e x a m p l e ,  at Me = 1.95, t he  s h o c k  r a v e  a h e a d  
of the c o r n e r  was detached ,  even for values of (1 
for which t h e  boundary l a y e r  had no t  ye t  s e p a r a t e d .  
W e  bel ieve  that  t he  fact  that  the p r e s e n t  Xfe = 1.08 
d a t a  do  not fall on the c o r r e l a t i o n  c u r v e s  in  Fig. IO 
m a y  he connected  wi th  s u c h  " t ransonic"  behavior .  
In pass ing ,  w e  note  tha t  the Me - 2 d a t a  from R e f .  1 
and from t h e  p r e s r n t  e x p e r i m e n t s  cons is ten t ly  fall  
on to  values of "effect ive (I" about io above  t h o s e  
for  the  c o r r e l a t i o n  curves i n  F ig .  10. 
S i m i l a r  p r o p o s a l s  w e r e  
To o b t a i n  a r l e a r e r  unders tanding  o i  t h e s e  
i n t e r a c t i o n s  r c q u i r e s  a rational unders tanding  of 
how the  t h i c k n e s s  of t he  postulated wa l l  i n t e r -  
a c t i o n  la e r  is d e t e r m i n e d .  Our own and o t h e r s '  
1181, ( 1 9 r n , e t h i d s  for defining i t  ha re  h e e n &  h. 
Explana t ions  lor thc Mach-number  independence  
i n  Fig.  10 and for t he  l i n e a r  dependence  o n  Ci 
awai t  a b e t t e r  undrrs landing  of the "wall i n t e r -  
ac t ion  layer. '' 
A s  r e g a r d s  thc e x p e r i m e n t a l  d a t ?  t h e m -  
selves, we notcd in t h e  in t roduct ion  th?t  u n t i l  v e r y  
r e c e n t l y  t h e r e  w a s  v c r y  l i t t l e  in iorm; t ion  z v - i l r b l e  
on s e p a r a t i o n  lengths  in  ful ly  dcvc lopcd  turbulent 
boundary  l e y e r s .  Sou, that  this s i tua t ion  h a s  been 
s o m e w h a t  r e m e d i c d  by the w o r k  r e p o r t e d  i n  R e i s .  
3 and  4 a n d  the p r c s c n t  p a p r r .  i l  i s  annoyin: to 
f ind m o r v  disai .rci ,n,cnt than  \ v o u l d  stem to be 
\var ran ted .  A x i s y m m r t r i c  c f i r c t s  (rr;pcria!l?. i n  
R c f .  3 )  n ~ a y ' a r c o u n t  for some  oi thv d i f f r r c n t  e i  
in  int , r ra<. t ion lengths  at the. higlrrr  values of o, 
b u t  they should not b r  i m p o r t a n t  for incipient  s e p -  
a r a t i o n .  T h e  same  m a y  h c  sa id  in  r e g a r d  to s ide-  
w a l l  or e n d  effc'.ts, w h i r h  m a y  ~ R Y P  p l a y r d  a role 
i n  t h c  hvo-dimens iona l  c x p r r i m e n t s  of Ref.  4 
a n d  poss ib ly  in on r  own u s e  of s p l i t t c r  p la tes .  
?\gain,  for incipient  s e p a r a t i o n ,  those e f ( cc t s  

























































































3 .  
.-J 
4. 











. . . . .  
. ' ..., :: , . . ,. .,. Calii*Jr: l ia,  J u l y  1 l i . j .  
. .  
Lax.. C. 11.. "Supersonic .  Tnrhulcnt  
B o u n d a r y  L a y e r  S r . l x ~ ~ a t i o n  S?c,as~:r t : tnrnts  
a t  ~ : r y n ' , ~ d : .  ~ i l t T i i , < , r s  t I r  107 tu 1~18, 8 ,  ~ I A A  
P a p c r  7'1-665, p r c s e n t c d  a t  thr! z l i A . t  6th 
F l u i d  hnd PI a s  m a  Dyn :I mi c s  Con fs rcnc (I, 
P a l m  Spr ings ,  C a l i i o r n i a ,  J u l y  I Q 7 3 ;  also, 
AIA.,\ .Tourna l ,  V o l .  12, So. 6 ,  .June l'J7.1, 
pp. 794.-797.  
Kessler,  T. J .  and  Page,  R. H . ,  
"Supersonic  T u r b u l e n t  l h u n d a r y  Laycr  
Scpara t ivn  Ahcad o i  a Wedge, I '  1 0 t h  Mid-  
we s Le rn )vie*J.ci cs Con fc r e  nce , D e w  I o p  - 
~ . ~ . _ _ _ _ . _  m e n t s  in M e c h a n i r s ,  V o l .  4, Colorado  
State Cnivcrs i ty ,  Aug, 1q67, pp. 1011-1028. 
Hunter ,  I,, G. and R e e v e s ,  B. L., "Results 
of a Strong In te rac t ion ,  Wake-Like Model  of 
S u p e r s o n i c  S e p a r a t r d  and Reattaching Turbu- .  
l en t  F lo \vs ,"  A l A A  J o u r n a l ,  "01. 9, No. 4, 
Apr.  1971, ~ p .  703-712.  
Raddatz ,  L. A . ,  "The  Douglas Aerophyics  
L a b o r a t o r y  F o u r - F o o t  T r i s o n i r  Wind T u n -  
nel,  '' DAC-59800. Douglas A i r c r a i t  
ComDany. Santa  M o n i c a .  C a l i f o r n i a ,  Oct .  
1967. 
Roshko.  A.  and Thonike,  G.  J . ,  "Obser- 
vat ions of Turhulent  R e a t l a r h n ~ r n l  Behind ' 
a n  A x i s y m n i e t r i c  D o \ l . n s t r c a m - F a c i ~ ~  Step 
in  S u p e r s o n i c  F low,"  Al.AA . Journal ,  Vol. 4 ,  
No. 6, June 1966, pp. ' ! i 5 - 9 8 0 .  
Pate,  S. R. and Schueler ,  C .  J . ,  "Effec ts  
of Radiated A e r o d y n a m i c  S o i s e  on  Model 
B o u n d a r y - L a y e r  T r a n s i t i o n  in Supersonic  
and Xypersonic  Wind T u n n r l s ,  I '  TR-67-236, 
USAF Arnold Enginecr ing  and Development  
Center ,  Tul lahoma,  T e n n e s s e e ,  Mar.  196R. 
Hopkins,  E .  J . ,  " C h a r t s  fo r  P r e d i c t i n g  
Turbulent ,Skin  F r i c t i o a  From the  Van D r i e s t  
Method I l l ) . "  T N  D-6Q45. S A S A  Amer  R e -  .~ ~~. . ,  
search C e n t e r ,  Moiiett  Field,  Cal i iorn ia ,  
Oct. 1972.  
R e h r e n s ,  W., "St-paration of a Supersonic  
T u r b u l c n i  Boundary Lay<-? by  a F o r w a r d -  
F a c i n g  Stkp, " P a p r r  So. 7 I - 127,  :\I,\<\ " t h  
~ e r o s p a ~ i  Sr rnrrs \ lect in%, S r \ v  \I'ork, 
Jan .  1~171, 
Zukoski .  E. E.. "Turhulcnt  R o u n d a r v -  
Laycr S c p a r a t i u n  in  Front i,i F o r w a r d -  
Fac ing  S t e p , "  AIA,\ .lo~ur~~, Tal. 5, So. 
10, Oct. l'a67, up. 1 7 4 0 - l i i i .  
Spaid. F. W. and F r i s h r t t .  .I. C. ,  
" l n r i p i r n t  Separation n I  a Supersonic, 
Turbulent  I h u n d a r v  I. . ivcr.  Inr l r tdine E f f e c t s .  









23 .  
24 .  
2 5 .  
2 6 .  
. a Turhulent  Boundary l . ; i ycr  
a t  fli::h Rcynulrln N u l n l ~ u r  i n  Tu.r,-Dii,,nilsil,:ial 
Sopt . rs i .nic  F l s i w  I I V Y T  a C o m p r e s s i o n  Cur.i, .r,  " 
DAC 5" %1", ! ~ < c l ) ~ m r ~ : l l  n o U g l  a s  Astronaut ic :  
C o m p a n y ,  SantL? hjanik,.a, Cal l iurn ia ,  Jan. 
l"6'J. 
Law, C .  I I . ,  p r i v a t e  communica t ion ,  Aug. 
1 0 7 4 .  
Rose, W. C . ,  Page, R. J. and Childs ,  
M. E . ,  "Incipient  Separa t ion  P r e s s u r e  Rise 
fo r  a \lath 3 .  X T u r b u l e n t  Boundary L a y e r , "  
pp. i 6 l - 7 6 3 .  
Rose .  W. C . .  Murphy,  J .  D. and W a t s o n .  
E. C., " I n t e r a c t i n n  o f  an Oblique Shock 
Wave with  a Turbulent  Bvundary L a y e r ,  ' '  
A1.A.A JoLIrnal. V o l .  6.  No. 9, Sept. 1965. 
up. 1iOZ-1793. 
E l i s t r o m .  G .  X 4 , .  "Turbulent  I l y p c r s o n i r  
Flow a t  a 1Vedge-Cumpression Corner. " 
J.  Fluid X.le,?l,, Vol .  53 ,  P a r t  I .  J a n .  I Q i Z ,  
pp. 113-lZi. 
Si r i e ix ,  A!., D;lc,ry, J .  a n d  Mirande ,  J.. 
" R e c h e r c h e s  F::xoeriemntales F o n d a m e n t a l e s  
.4l.+.-\ . ior , rna l ,  V a l  1 I ,  so. 5, h4ay 1973, 
I I  Sur Les kcoulrments  Separes e t  Applicat ions,  " 
Le R e c h ~ r i h ~  A e r o s o a t i a l e ,  Sa. 320, I o 6 i .  
. . .  
D
ow
nl
oa
de
d 
by
 D
A
N
 A
N
G
U
K
A
 o
n 
D
ec
em
be
r 1
9,
 2
01
4 
| ht
tp:
//a
rc.
aia
a.o
rg 
| D
OI
: 1
0.2
514
/6.
197
5-6
 
